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In this article I study the distribution of spiral galaxies in the Sloan Digital 
Sky Survey (SDSS) to investigate whether the universe has an overall hand-
edness.  A preference for spiral galaxies in one sector of the sky to be left-
handed or right-handed spirals would indicate an asymmetry in the overall 
universe and a preferred axis.  The SDSS data show a strong signal for such 
an asymmetry.  Its axis seems to be strongly correlated with that of the 
quadrupole and octopole moments in the WMAP microwave sky survey, an 
unlikely alignment that has been dubbed "the axis of Evil". 
 
Symmetry has a strong appeal to the human psyche.  Nature, however, exhibits some sur-
prising asymmetries.  On the smallest scales, an asymmetry (parity violation) was found 
in the angular distribution of electrons in the beta decay of spin oriented 60Co, confirming 
the proposal by Lee and Yang that parity was violated in weak decays [1].  On the mo-
lecular scale, there is a large predominance of left-handed amino acids over right-handed 
ones in organisms, the origin of which is still not well understood.  It is reasonable to ask 
if nature exhibits such an asymmetry on the largest scales. 
 The SDSS DR5 database [2] contains ~40000 galaxies with spectra for redshifts 
<0.04 with a wide coverage in right ascensions (RA) and a more limited range of declina-
tions (δ).  A few percent of these are spiral galaxies that can be used in a search for a pre-
ferred handedness.  A universe with a well-defined handedness is illustrated very sche-
matically in Fig. 1(a), which shows a polar plot of spiral galaxies in RA and redshift (z) or 
distance [3].  Note that to us, galaxies in one hemisphere would be right-handed while 
they would be left-handed in the opposite hemisphere.  (If a predominance of left- or 
right-handedness were seen in all directions it would be an indication of a bias or system-
atic error preferring that handedness.)   Figures 1(b,c) show typical spiral galaxies from 
the SDSS and gives our convention for “spin” directions.  Note that only the component 
of the spin along our line of sight can be observed. 
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Fig. 1. (a)  Polar plot of a whimsical universe with all galaxies having the same handedness.  The 
radial coordinate is distance or redshift and the angle is right ascension.  Note that galaxies in one 
hemisphere would appear to be right-handed and in the opposite hemisphere left-handed.  (b)  A 
“typical” spiral galaxy from the SDSS.   This one is defined as having right-handed “spin”.  (c) A 
left-handed two-armed spiral galaxy. 
Figure 2(a) shows the distribution of redshifts as a function of  RA for SDSS galaxies 
with spectra.  As can be seen, the coverage in RA is substantial, especially for RA’s be-
tween 120° and 240°.  The well-known “foam-like” structure is apparent.  The distribu-
tion of redshifts as a function of declinations is shown in Fig. 2(b).  Here the coverage is 
very spotty, especially in the hemisphere toward RA = 0°. 
 The handedness analysis required galaxies with spectra so that their redshifts could 
be determined.  A list of galaxies with spectra and green magnitude <17 was obtained 
from the SDSS DR5 search web site [4].  Galaxies from this list were scanned manually.  
The scanning was done in random order with respect to RA and δ  so that any scanning 
bias could not cause a systematic bias on the (RA, δ ) distribution of the handedness.  
Galaxies that were reasonably clear spirals were scaled appropriately and downloaded as 




Fig. 2. (a) Polar plot of right ascensions vs. redshifts for all declinations.  (b)  Plot of declinations 
vs. redshifts.  The left and right hemispheres in (a) are plotted on their respective sides in (b).  
Declinations between -19° and +60° were used in this analysis. 
image of the galaxy.  The RA, δ, and z coordinates, as well as the magnitudes in 5 spectral 
bands, were also obtained. 
 The JPEG file for each spiral galaxy was submitted to an IDL program to determine 
its handedness.  The algorithm used for this analysis was based on a rotating one-armed 
spiral mask similar in shape to half of the spiral in Fig. 1(c).  To design the optimal mask 
I varied many parameters including the pitch of the spiral, its width, the weighting vs. ra-
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dius, and the possibility of a central bar.  Each variation was tested against a random 
sample of galaxies whose handedness was determined “by hand”.  In the end a rather sim-
ple mask turned out to be as good as any, and it had the distinct advantage that the mirror 
image was generated by changing one sign in the term describing its pitch. [5]  This made 
the possibility of some built-in bias extremely unlikely.  The spiral mask was rotated in 
64 steps through the galaxy, and the convolution of the mask and galaxy was determined 
at each step.  The 64 convolutions were then subjected to a Fourier analysis to determine 
the power in each harmonic term of order n.  Two masks were used;  one was the mirror 
image of the other (thus representing right- and left-handed spirals that were otherwise 
identical).  The asymmetry a(n) is defined as the difference between the powers for each 
order divided by their sum.  An average overall asymmetry A was obtained from a 
weighted sum of orders 2 through 6.  The red, green and blue images were analyzed sepa-
rately.  The differences between their A’s were used as a measure of the uncertainty !A , 
and the three were averaged to get an average A  for each galaxy.  For further analysis it 
was required that A  > 0.15 and that A  > 2(!A ). 
 Many spiral galaxies have undergone collisions with other galaxies since their for-
mation.  Such collisions tend to mix “orbital” angular momentum of the galaxies with 
any primordial spin angular momentum they may have formed with.  Collisions between 
galaxies trigger prolific star formation.  Galaxies with recent star formation tend to be 
bluish.  In order to enhance any signal for a preferred handedness, the bluest galaxies 
were removed from the sample.  This selection was imposed by requiring that the ultra-
violet and far infrared magnitudes satisfy the condition |U-V| > 1.6.  Approximately 1660 
galaxies were in the final sample. 
 A plot of net asymmetries<A> in sectors of right ascension and segments in  z  is 
shown in Fig. 3.  Positive <A> are shown in red and negative ones in blue.  The larger 
numbers near the perimeter give the net asymmetry for the entire RA sector.  The black 
numbers in parentheses below them give the total number of galaxies in that sector. 
 The two sectors between RA=150° and 210° appear to show a clear preference for 
negative asymmetries. The populations in the opposite RA sectors between +30° and –60° 
are much sparser, but they do show an excess of positive asymmetries, consistent with a 
signal for a preferred handedness.  Table I gives for various RA sector combinations the 
number counts, N+ and N–, the asymmetry A  for that combination of sectors, its stan-
dard deviation, ! ( A ) and the ratio A / ! ( A )  .  The σ  are determined from standard 
normal distribution statistics, ! (N ) = N , which gives ! ( A ) = 1 / N + + N " .  The 3rd 
row shows the difference in number counts between the first two rows.  The combined 
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Fig. 3. Net asymmetries <A> by sector in RA and segments in  z.  Segments with positive <A> 
are indicated in red and negative <A> in blue. The <A> for segments with <10 galaxies are not 
shown. The larger numbers near the periphery give the overall asymmetry for that sector;  the 
black numbers in parentheses are the total number of spiral galaxies in the sector.  The small ar-
row on the left shows the direction of the WMAP quadrupole moment as discussed in the text. 
 
 
asymmetry differs from zero by 2.89 σ .  The nominal probability for exceeding 2.89 σ is 
0.39%.    
 
 
Table I.  Number counts and net asymmetries for the RA ranges indicated.  The 3rd row 
gives the combined numbers for the first two rows.  The last column gives the number of 
standard deviations for the asymmetries. 
RA Range N+ N– NTot (N+– N–)/NTot ±σ A / σ 
(R)     80° to –80° 118 104 222 0.063±0.067 +0.94 
(L)    150° to 210° 296 368 664 –0.108±0.039 –2.79 































































 Note that this analysis should be resistant to biases due to the incompleteness of the 
sample.  The SDSS's lack of coverage in large regions of right ascension and declination 
would not cause a bias in the observed asymmetry; rather it means that the asymmetry 
can have components along the directions where data are lacking. 
 The Wilkinson Microwave Anisotropy Probe (WMAP) studied the cosmic back-
ground radiation [6].  Their results for the angular power spectra have been analyzed by 
Schwarz et al. [7] and many others.  Schwarz et al. show that: (1) the quadrupole plane 
and the three octopole planes are aligned, (2) three of these are orthogonal to the ecliptic, 
(3) the normals to these planes are aligned with the direction of the cosmological dipole 
and with the equinoxes.  The respective probabilities that these alignments could happen 
by chance are 0.1%, 0.9%, and 0.4%.  This alignment is considered to be so bizarre that it 
has been referred to as "the axis of evil". [8]  The alignment with the ecliptic and equi-
noxes is especially problematic because this would suggest a serious bias in the WMAP 
data that is related to the direction of the Earth's spin axis, which is highly unlikely.  Re-
solving this quandary requires data from another source with different systematics than 
WMAP. 
 On the basis of the 3-year WMAP data (ILC123), Copi et al. [9] find the normal to 
the plane defined by the quadrupole moments to be at  l = –128.3°, b = 63.0° in Galactic 
polar coordinates.  In the equatorial coordinates used here, this corresponds to RA = 
188.7°, δ = 54.0° which is consistent with the axis of the asymmetry seen here.  (See Fig. 
3.)   The SDSS coverage in declination fortunately extends to δ ~ 60° in the  RA = 180° 
hemisphere. Thus the WMAP quadrupole/octopole axis reinforces the finding of an 
asymmetry in spiral galaxy handedness.  On the other hand, the spiral galaxy handedness, 
if verified, represents a unique and completely independent confirmation that this axis 
really is a result of large-scale structure of the universe, and not an artifact in the WMAP 
data.  
   A large-scale cosmic magnetic field along this axis would naturally lead to an align-
ment of spiral galaxies like that seen here.  Campanelli, Cea, and Tedesco [10] have sug-
gested that an ellipsoidal universe, possibly the result of a uniform cosmic magnetic field 
~10-9 G, could explain an anomaly observed in the quadrupole amplitude of the WMAP 
data.  Non-uniform intergalactic magnetic fields have been observed [11].   Their origin 
is puzzling and has been the subject of much discussion [12].  If a cosmic magnetic field 
exists, galaxies would tend to form with the axis of the galactic disk along the magnetic 
field.  A large-scale alignment of spiral galaxies would be the first direct evidence for a 
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uniform [13] primordial magnetic field and would have major implications in the devel-
opment of large-scale structure in the universe and in cosmology as a whole.  
 Perhaps more importantly, a well-defined axis for the universe on a scale ~6 x 108 
light years would mean a small, but significant, violation of rotational invariance and thus 
of the underpinnings of special and general relativity.  One of the premises of the Einstein 
Equivalence Principle is that “The outcome of any local non-gravitational experiment is 
independent of the velocity of the freely-falling reference frame in which it is performed” 
[14].   If a cosmic magnetic field exists, an observer anywhere in the universe could, in 
principle, observe the force on a charged particle and deduce his motion relative to the 
cosmic magnetic field. 
 I am extremely grateful to the SDSS group whose efforts and dedication made this 
work possible.  
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